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 ,QWURGXFWLRQ
:LWK WKH JURZWK RI PXOWLVHUYLFH ZLUHOHVV
FRPPXQLFDWLRQ QHWZRUNV PLFURZDYH FRPSRQHQWV DQG
V\VWHPV WKDW VXSSRUW YDULRXV PRGHUQ FRPPXQLFDWLRQ
VWDQGDUGVKDYHEHFRPHLQFUHDVLQJO\LPSRUWDQW,QSDUWLFXODU
PXOWLVWDQGDUG EDQGSDVV ILOWHU %3) GHVLJQ GHPDQGV KLJK
SHUIRUPDQFH ZLWK FRPSDFW VL]H IRU HQKDQFHG V\VWHP
IXQFWLRQDOLW\6XFKILOWHUVDUHXVXDOO\UHTXLUHGWREHFDSDEOH
RI FRYHULQJ WKH RSHUDWLQJ EDQGV RI WKH *OREDO 3RVLWLRQLQJ
6\VWHP*360+]*+]6\VWHPIRU0RELOH
&RPPXQLFDWLRQ*600+]HWFWKH8QLYHUVDO
0RELOH 7HOHFRPPXQLFDWLRQV 6\VWHP 8076 
0+]HWFDQG,(((D
*+] 6XLWDEOH ILOWHUV QHHG WR KDYH UHODWLYH KLJK IUDFWLRQDO
EDQGZLGWKORZLQVHUWLRQORVVDQGORZUHWXUQORVV+RZHYHU
WKHQHHGIRU ILOWHUV WREHSK\VLFDOO\VPDOOPHDQVWKDWPDQ\
GHVLJQV DUH LQDGHTXDWH IDLOLQJ WR FRYHU WKH UHTXLUHG
IUHTXHQF\ EDQGV GXH WR WKHLU QDUURZ EDQGZLGWK DQG ORZ
IUDFWLRQDO EDQGZLGWK >@ ,QFUHDVLQJ WKH VL]H RU UHTXLULQJ
H[WUD VWUXFWXUHV VXFKDVYLDKROHVPHDQV WKDW WKH UHVXOWLQJ
ILOWHUVDUHWRRFRPSOLFDWHGIRUIDEULFDWLRQDQGDUHGLIILFXOWWR
LQWHJUDWH ZLWKLQ PXOWLVWDQGDUG ZLUHOHVV FRPPXQLFDWLRQ
V\VWHPV > @ &ULWLFDOO\ PRVW SURSRVHG ILOWHU
VWUXFWXUHV>@FDQRQO\UHDOL]HVLQJOHEDQGRUPXOWLEDQG
SHUIRUPDQFHE\XWLOL]LQJYDULRXVGLIIHUHQWVWUXFWXUHVZKLFK
UHVXOWVLQORZHUUHXVDELOLW\KLJKHUFRPSOH[LW\DQGKLJKHUFRVW
&RPSDUHG WR WKH WUDGLWLRQDO VWHSSHG LPSHGDQFH UHVRQDWRU
6,5 ZLWK WZR VWHS GLVFRQWLQXLWLHV WKH DV\PPHWULF 6,5
$6,5KDVRQO\RQHGLVFRQWLQXLW\EXWUHWDLQVFRQWUROODELOLW\
RI VSXULRXV PRGHV 7KXV LW FRPELQHV WKH DGYDQWDJHV RI
FRPSDFW VL]H ORZHU ORVV DQG VWURQJ GHVLJQ IHDVLELOLW\
SDUWLFXODUO\LQKLJKRUGHU%3)VVXFKDVGXDOEDQG>@WULSOH
EDQGDQGTXDGEDQG>@EHFDXVHRILWVLQKHUHQWKLJKHURUGHU
UHVRQDQWPRGHV3XEOLVKHGFRXSOHGOLQH$6,5VWUXFWXUHVFDQ
EHFODVVLILHGLQWRWZRW\SHVDQWLSDUDOOHOFRXSOHGRUSDUDOOHO
FRXSOHG $6,5V 7KH $QWL3DUDOOHO&RXSOHG $6,5 $3&
$6,5FRQVLVWLQJRI WZR$6,5XQLWVZLWKWKHLUKLJKDQGRU
ORZLPSHGDQFHOLQHVDQWLFRXSOHGZLWKHDFKRWKHULVXVXDOO\
IROGHGDW LWVRSHQHQG,Q >@ WKHKLJKLPSHGDQFHOLQHVRI
WZR$6,5VDUHEHQWDQGFRXSOHGZLWKHDFKRWKHU WR IRUPD
VLJQDOWUDQVPLVVLRQURXWHDQGWKHILUVWVSXULRXVIUHTXHQF\LV
XWLOL]HGWRIRUPWKHVHFRQGRSHUDWLQJEDQG>@%HFDXVHWKH
IUHTXHQF\UHVSRQVHFKDUDFWHULVWLFRIWKHDQWLSDUDOOHOFRXSOHG
OLQHLVGHWHUPLQHGE\WKHIUHTXHQF\UHVSRQVHFKDUDFWHULVWLFRI
WKH $6,5 WKH $3&$6,5 IUHTXHQF\ UHVSRQVH LV HDV\ WR
FDOFXODWH+RZHYHUWKHEDQGZLGWKFKDUDFWHULVWLFRIWKH$3&
$6,5 VWUXFWXUH > @ DV ZLWK WKH PXOWLVWDJH FRXSOHG
$6,5VWUXFWXUH>@LVXVXDOO\OLPLWHGZLWKLQWKHQDUURZ
EDQGFKDUDFWHULVWLFUDQJHDQGLVQRWVXLWDEOHWR UHDOL]HZLGH
EDQGSHUIRUPDQFH7KHUHIRUHWKLVDSSURDFKFDQQRWIXOO\PHHW
WKH PXOWLVHUYLFH UHTXLUHPHQW RI FXUUHQW ZLUHOHVV
FRPPXQLFDWLRQ
7KHVHFRQGW\SHWKHSDUDOOHOFRXSOHG$6,5VWUXFWXUH
KDV$6,5VZLWKWKHLUKLJKLPSHGDQFHOLQHVSDUDOOHOFRXSOHG
ZLWK HDFK RWKHU WKLV LV DOVR FDOOHG WKH VNHZV\PPHWULFDO
$6,566$6,5FRXSOHGSDLU8VLQJWKLVNLQGRIVWUXFWXUH
FKDUDFWHULVWLFV RI IUHTXHQF\ UHVSRQVH SHUIRUPDQFH VXFK DV
EDQGZLGWK UHWXUQ ORVV DQG LQVHUWLRQ ORVV FDQ EH JUHDWO\
LPSURYHG DW VRPH IUHTXHQF\ SRLQWV ZLWKRXW FKDQJLQJ RU
GHJUDGLQJWKHSHUIRUPDQFHJHQHUDOO\7KLVIDFLOLWDWHVGHVLJQV
ZLWK ZLGH EDQGZLGWK DQG ODUJH IUDFWLRQDO EDQGZLGWK
GLIIHUHQW IURP WKH QDUURZ EDQG FKDUDFWHULVWLF H[KLELWHG LQ
WUDGLWLRQDO$6,5VWUXFWXUHV>@+RZHYHUXQWLOQRZWKH
SURSRVHG $6,5 VWUXFWXUHV FRXOG RQO\ UHDOL]H QDUURZ EDQG
FKDUDFWHULVWLFV >  @ RU GXDOTXDGZLGHEDQG
FKDUDFWHULVWLFV ZLWK WKH GLVDGYDQWDJHV RI XQFRQWUROODEOH RU
OLPLWHG WUDQVPLVVLRQ ]HURV VHULRXVO\ UHVWULFWLQJ WKHLU
DSSOLFDWLRQUDQJH


,Q WKLV ZRUN ZH SURSRVH QRYHO PXOWLVWDQGDUG
VLQJOHWULTXLQWZLGHEDQG$6,5ILOWHUVWRVROYHWKHSUREOHPV
PHQWLRQHG DERYH 7KH SURSRVHG ILOWHUV DUH FDSDEOH RI
JHQHUDWLQJZLGHRSHUDWLQJEDQGVZKLFKHIIHFWLYHO\FRYHUWKH
*36*608076,((( D DSSOLFDWLRQ LQ ZLUHOHVV
FRPPXQLFDWLRQV\VWHPVLQFOXGLQJWKH*360+]
*+= WKH *60  0+]  
0+]DQGWKH8076 0+]7KHVHILOWHUVVKDUH
WKHVDPHRULJLQDOVWUXFWXUHZLWKWKHLUSHUIRUPDQFHRSWLPL]HG
E\ WXQLQJUHODWLYH WUDQVPLVVLRQ]HURV7KHUHIRUH WKHGHVLJQ
HQMR\VDGYDQWDJHVRIYHUVDWLOLW\DQGVLPSOLFLW\ZLWKUHGXFHG
GHVLJQ FRPSOH[LW\ DQG FRVW *RRG DJUHHPHQW LV REVHUYHG
EHWZHHQ WKH VLPXODWHG DQG PHDVXUHG UHVXOWV $OWKRXJK D
VOLJKWGLIIHUHQFHDW WKHKLJKHU IUHTXHQFLHVFDQEHREVHUYHG
WKLV PLVPDWFK FDQ EH H[SODLQHG E\ DQ HUURU LQ WKH
PDQXIDFWXULQJ SURFHVV RUDQG D YDULDWLRQ LQ WKH PDWHULDO
SURSHUWLHV,Q IDFW WKH IDEULFDWLRQ WROHUDQFHVDVZHOODV WKH
60$FRQQHFWRUVDQGWKHFDOLEUDWLRQHUURUVPD\KDYHOHGWR
WKHGLVFUHSDQFLHVEHWZHHQWKHVLPXODWHGDQGPHDVXUHGUHVXOWV
LQWKHXSSHUVWRSEDQG
$6,5ILOWHUVUHDOL]HIRUWKHILUVWWLPHDVLQJOHZLGHEDQGILOWHU
ZLWKZLGHVWRSEDQGDQGDTXLQWZLGHEDQGILOWHUDWWKHVDPH
WLPH E\ XVLQJ WKH VDPH VWUXFWXUH DV LQ UHFHQWO\ SURSRVHG
VLQJOHPXOWLEDQGILOWHUV>@0RUHRYHUDTXLQWZLGHEDQG
ILOWHUFDQEHUHDOLVHGZLWKODUJHIUDFWLRQDOEDQGZLGWKVIRUDOO
RSHUDWLQJEDQGVLQFRPSDULVRQZLWK>@
7KH SURSRVHG ILOWHUV XVH WKH FDSDFLWLYH FRXSOLQJ RI
RQO\ WZR PLQLDWXUL]HG $6,5V WR UHDOL]H VLQJOHWULTXLQW
ZLGHEDQGRSHUDWLRQZLWKRXWDGGLQJDQ\H[WUDVWUXFWXUHVXFK
DVYLDKROHVRUGHIHFWHGJURXQGVWUXFWXUHZKLFKLVDOVRQRYHO
IRUVLQJOHPXOWLZLGHEDQGILOWHUV>@
 7KH,Q%DQG3HUIRUPDQFH(QKDQFHPHQW0HWKRG
DQG7UDQVPLVVLRQ=HURV$GMXVWLQJ0HWKRG
 7KH ,QEDQG 3HUIRUPDQFH (QKDQFHPHQW
0HWKRG
7RHQKDQFHWKHILOWHULQEDQGSHUIRUPDQFHWKH66$6,5
VWUXFWXUH LV XVHG ,Q WKH GHVLJQ WKH IUHTXHQF\ UHVSRQVH
WUDQVIRUPDWLRQ UHODWLRQVKLS EHWZHHQ WKH SDUDOOHOFRXSOHG
$6,5 DQG WKH $6,5 XQLW QHHGV WR EH FRQVLGHUHG VR DV WR
HQKDQFH WKH SHUIRUPDQFH LQ WKHGHVLUHG IUHTXHQF\ EDQG ,Q
HTXDOV   ZKHUH
 DUHWKHHOHFWULFDOOHQJWKVRIVHFWLRQ/DQG/LQWKH
$6,5 UHVSHFWLYHO\ 7KH FKDUDFWHULVWLF LPSHGDQFH UDWLR .
HTXDOV==ZKHUH=DQG=LVWKHFKDUDFWHULVWLFLPSHGDQFH
RI VHFWLRQ / DQG / LQ WKH $6,5 UHVSHFWLYHO\ 7KH
WUDQVIRUPDWLRQUHODWLRQVKLSWDEOHLVVKRZQLQ7DEOH
)LJ6WUXFWXUHRIDQDV\PPHWULF6,5

7KH 7UDQVPLVVLRQ =HURV *HQHUDWLQJ DQG
7XQLQJ0HWKRGLQWKH66$6,5VWUXFWXUH
)LJDVKRZVWKHWRSRORJLFDOVWUXFWXUHRIWKH66$6,5
FRXSOHGSDLUUHDUUDQJHGE\WKHPHDQGHUFRXSOHGOLQHV0&/
WRIRUPWKH660&/$6,5ZKLFKLVVKRZQDVWKHJUH\SDUW
ZLWK ZLGWK : DQG OHQJWK / UHVSHFWLYHO\ 7KH PHDQGHU
FRXSOHG VHFWLRQ LV DGGHG DW WKH RSHQ HQG RI WKH KLJK
LPSHGDQFHFRXSOHGOLQHLQWKH66$6,5FRXSOHGSDLU)LJ
E VKRZV WKH HTXLYDOHQW FLUFXLW DQG WKH FRXSOLQJ URXWLQJ
VFKHPHRI)LJD
D
E
)LJ  $ 66$6,5 FRXSOHG SDLU ZLWK PHDQGHU FRXSOHG
VHFWLRQD7KHVFKHPDWLFGLDJUDPE(TXLYDOHQWFLUFXLW
DQGFRXSOLQJURXWLQJVFKHPHIRUWKHSURSRVHGILOWHU

7KHPDLQVLJQDO LVFRXSOHG WR WKH WZRKDOIZDYHOHQJWK
UHVRQDWRUV DW WKH VDPH WLPH SURYLGLQJ WKH WZR PDLQ SDWKV
EHWZHHQ WKH WZR SRUWV (DFK $6,5 UHVRQDWRU RI WKH ILOWHU
FRQVLVWVRIWKUHHFDVFDGHGVHFWLRQV7KH$%&VHFWLRQVIRUP
WKH ILUVW UHVRQDWRU $6,5 DQG '() VHFWLRQV IRUP WKH
VHFRQG UHVRQDWRU $6,5  ,Q DGGLWLRQ WR WKH XVXDO VLQJOH
FRXSOLQJURXWHRI%(IRUWKHPDLQFRXSOHGWUDQVPLVVLRQOLQHV
UHSUHVHQWHGE\VHFWLRQ WZRH[WUDFRXSOLQJURXWHVQDPHO\
$'IRUVHFWLRQDQG&)IRUVHFWLRQDUHFUHDWHGE\WKH
DGRSWLRQRIPHDQGHUFRXSOHGOLQHV7KLVPXOWLSDWKFRXSOLQJ
URXWLQJVFKHPHRIWKHPRGLILHG660&/$6,5ILOWHULVVKRZQ
LQ)LJ E'XH WR WKHPXOWLSDWK FRXSOLQJ URXWLQJ PRUH
WUDQVPLVVLRQ ]HURV 7=V DUH FUHDWHG ZKLFK DUH XWLOL]HG WR
VXSSUHVVKLJKRUGHUVSXULRXVIUHTXHQFLHVRUWRKHOSIDFLOLWDWH
PXOWLEDQGSHUIRUPDQFH
%HFDXVH WKH KDUPRQLF IUHTXHQF\ SHUIRUPDQFH ZRXOG
GHJUDGH ZKHQ XVLQJ WKH 66$6,5 VWUXFWXUH ILUVW VSXULRXV
)UHTXHQF\ IVL FDQQRW EH FRQYHQLHQWO\ GHGXFHG E\ VLPSO\
DQDO\VLQJ<LQ   LQ WKH $6,5XQLW+RZHYHU WUDQVPLVVLRQ
]HURIUHTXHQF\I]LFDQVWLOOEHREWDLQHGE\VHWWLQJ=LQH =LQR
ZKHUH=LQHDQG=LQRDUHWKHLQSXWLPSHGDQFHVIRUWKHHYHQRU
RGGPRGH HTXLYDOHQW FLUFXLWV UHVSHFWLYHO\ 7KH QHFHVVDU\
DQG VXIILFLHQW FRQGLWLRQV IRU =LQH   =LQR LV 6    DQG WKH
HTXLYDOHQW <SDUDPHWHU PDWUL[ RI WKH HYHQ RU RGG PRGH
7DEOH  7KH WUDQVIRUPDWLRQ UHODWLRQVKLS RI LQEDQG
SHUIRUPDQFH RI WKH 66$6,5 FRXSOHG SDLU DQG $6,5 XQLW
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ZKHUH   DUH WKH HOHFWULFDO OHQJWKV RI WKH RULJLQDO
FRXSOHGOLQHDQGRIWKHPHDQGHUFRXSOHGVHFWLRQUHVSHFWLYHO\
=HYHQ DQG =RGG DUH WKH HYHQ DQG RGG PRGH FKDUDFWHULVWLF
LPSHGDQFHVIRUHDFKFRXSOHGVHFWLRQUHVSHFWLYHO\
6LQFHDOOHOHPHQWVRI WKHQRUPDOL]HG<SDUDPHWHUV
LQ  DUHSXUHO\ LPDJLQDU\6RI WKLVFRXSOHG OLQHFDQEH
H[SUHVVHGDV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6XEVWLWXWLQJ IURP  LQWR  JLYHV HTXDWLRQ  VHH 
$FFRUGLQJWRHTXDWLRQWKHUHDUHWKUHHFDVHVOHDGLQJWR6
   7KH ILUVW FDVH LV =HYHQ   =RGG 7KH PHDQGHU FRXSOHG
VHFWLRQ RI OHQJWK / FDQ EH VHHQ DV D VKLIWHG FRXSOHG OLQH
VWUXFWXUH ZKLFK FDQ VXSSUHVV WKH VSXULRXV SHDN E\
FRPSHQVDWLQJ HYHQPRGH DQG RGGPRGH SKDVH YHORFLWLHV
:KHQ WKH FRXSOHG OLQH LQVHUWLRQ ORVV LV ]HUR WKH FRXSOHG
OHQJWKIRUWKHVKLIWHGFRXSOHGOLQHPHDQGHUFRXSOHGOLQHFDQ
EHREWDLQHGIURPWKHIROORZLQJ
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ZKHQ=HYHQ =RGG HYHQ/ RGG/$OVR
    HYHQ RGG/ / N N 


HYHQ/ RGG/ 
HYHQ RGG%HFDXVHYSHYHQ HYHQ HYHQDQGYSRGG 
RGG RGG WKHQYSHYHQ YSRGG HYHQ RGGYSHYHQ HYHQ
HYHQ DUH HYHQPRGH SKDVH YHORFLW\ DQJXODU IUHTXHQF\
DQG SKDVH FRQVWDQW UHVSHFWLYHO\ YSRGG RGG RGG PHDQ
RGGPRGH SKDVH YHORFLW\ DQJXODU IUHTXHQF\ DQG SKDVH
FRQVWDQW UHVSHFWLYHO\:KHQ WKHHYHQPRGHDQGRGGPRGH
SKDVHYHORFLWLHVDUHHTXDO WUDQVPLVVLRQ]HURVDUHJHQHUDWHG
DQG WKH VSXULRXV SHDN FDQ EH VXSSUHVVHG )LJ  FRPSDUHV
IUHTXHQF\ UHVSRQVHV ZLWK DQG ZLWKRXW D VKLIWHG FRXSOHG
OLQHPHDQGHUFRXSOHGVHFWLRQ6&/0&6$VVKRZQLQWKH
ILJXUH ZLWKRXW D 6&/0&6 WKH XQVXSSUHVVHG VSXULRXV
IUHTXHQFLHVIVDQGIVH[LVWDQGVHULRXVO\OLPLWWKHVWRSEDQG
EDQGZLGWK :LWK D 6&/0&6 IV DQG IV DUH HIIHFWLYHO\
VXSSUHVVHG DQG D ZLGH VWRS EDQG LV JHQHUDWHG 0RUHRYHU
EHFDXVH WKH ZKROH FRXSOHG OLQH OHQJWK LV H[WHQGHG E\ WKH
6&/0&6 VWUXFWXUH ERWK WKH IXQGDPHQWDO DQG VSXULRXV
IUHTXHQFLHVDUHVKLIWHGWRORZHUIUHTXHQFLHV
)LJ  )UHTXHQF\ UHVSRQVH FRPSDULVRQ ZLWK DQG ZLWKRXW
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7KHVHFRQGFDVHLVVLQ   QDPHO\
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
:KHQ N    IRU WKH VKRUWHVW ZKROH FRXSOHG OLQH HOHFWULFDO
 
SK\VLFDOOHQJWKFDQEHFDOFXODWHGDV
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ZKHUH/DQG/ 
UHVSHFWLYHO\7KHWKLUGFDVHLVX DQGY :KHQX 
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(TXDWLRQ  VKRZV WKH UHODWLRQVKLS EHWZHHQ WKH ZKROH
FRXSOHGOLQHHOHFWULFDOOHQJWKDQGRGGPRGHDQGHYHQPRGH
LPSHGDQFH RI WKH ZKROH FRXSOHG OLQHV :KHQ Y  VLQ
 @ 
  
N N 


,Q JHQHUDO WKH VKRUWHVW ZKROH FRXSOHG OLQH HOHFWULFDO
OHQJWKWRUHDOL]H6 FDQEHJRWLQWKHWKLUGFDVHZKHQNLV
 
SK\VLFDOOHQJWKFDQWKHQEHFDOFXODWHGDV

// 
 7KH6LQJOH:LGHEDQG$6,5)LOWHU'HVLJQ
$FFRUGLQJ WR WKH IUHTXHQF\ UHVSRQVH WUDQVIRUPDWLRQ
UHODWLRQVKLSGLVFXVVHGLQ6HFWLRQWKHHOHFWULFDOOHQJWKUDWLR
 LVPPWKXVVHWWLQJWKHIXQGDPHQWDO
IUHTXHQF\WRDURXQG*+]7KHLQEDQGSHUIRUPDQFHRI
WKH ILUVWEDQG VXFKDV WKH LQVHUWLRQ ORVVDQG UHWXUQ ORVV LV
LPSURYHGZKHQWKHLPSHGDQFHUDWLR.LV
7KHGLPHQVLRQVRIWKHUHVRQDWRUDUHFKRVHQDVIROORZV
/ PP/ PP// PP: PP
DQG :    PP 7KURXJK WKH GHVLJQ SURFHGXUH IRU WKH
FRXSOHGUHVRQDWRUFLUFXLWVWKHJDSVRIWKHZKROHFRXSOHGOLQHV
LQ)LJDUHGHWHUPLQHGDV6 PP6 PPDQG6
   PP 7KH XVH RI GLIIHUHQW JDSV DGGV PRUH GHVLJQ
IUHHGRPIRUWKHILOWHU)RUVLPSOLFLW\RIGHVLJQWKHPHDQGHU
FRXSOHG VWUXFWXUH ZLGWK : LV PDGH  PP ZKLFK LV WKH
VDPHDVWKHZLGWKRIFRXSOHGOLQHV
%HFDXVHWKHIXQGDPHQWDOIUHTXHQF\LV*+] WKH
JFDQEHFDOFXODWHGDVPP7KHUHIRUHWKHYDOXH
RI // LV DERXW PP/ LV PP VR / LV VHW DW
DURXQGPP$OWKRXJKVHFWLRQV/DQG+ZRXOGEHFRPH
FRXSOHGSDUWVDIWHUDGGLQJWKHPHDQGHUFRXSOHGVHFWLRQWKH
HIIHFWVDUHVPDOO7KHLQIOXHQFHRIWKHVHVHFWLRQVWRWKHRYHUDOO
SHUIRUPDQFH FDQ WKHUHIRUH EH GLVUHJDUGHG WKHLU FRXSOLQJ
EHLQJ PXFK ZHDNHU WKDQ WKDW LQYROYLQJ VHFWLRQV / DQG
VHFWLRQ/
7R IXUWKHU DQDO\VH WKH LQIOXHQFH RI WKH PHDQGHU
FRXSOHG VHFWLRQ RQ WKH UHVRQDQFH IUHTXHQF\ IVP DQG
WUDQVPLVVLRQ]HURIUHTXHQFLHVI]QWKHQRUPDOL]HGIVPP 
HOHFWULFDO OHQJWK UDWLREHWZHHQ WKHPHDQGHUFRXSOHGVHFWLRQ
     
)LJ
RI.LQ660&/$6,5VWUXFWXUH

,WFDQEHVHHQLQ)LJWKDWIRUDIL[HG.YDOXHWKH
QRUPDOL]HGI]QQ GHFOLQHFRQWLQXRXVO\DQGWKH
QRUPDOL]HG IVP P       IROORZ DQ DSSUR[LPDWH
YDOXHVUHVXOWLQ ODUJHUQRUPDOL]HGI]LDQGODUJHUQRUPDOL]HG
HQRUPDOL]HGIVLIROORZDQ
DSSUR[LPDWH VLQXVRLGDO FXUYH DQG I]L IROORZ D GHFUHDVLQJ
SRLQW$ZKHQ. I]DSSURDFKHVIVI]DSSURDFKHV
IVDQGI]DSSURDFKHVIVUHVSHFWLYHO\7KDWPHDQVWKHILUVW
VSXULRXV IUHTXHQF\ WKH VHFRQG VSXULRXV IUHTXHQF\ DQG WKH
WKLUGVSXULRXVIUHTXHQF\DUHVXSSUHVVHGVXFFHVVIXOO\ZKHQ.
 7KHFRUUHVSRQGLQJ/FDQEHFDOFXODWHGDVPP
ZKLFKLVFORVHWRWKHWKHRUHWLFDOYDOXH
7KHFRXSOLQJPDWUL[GLVFXVVHGLQUHIHUHQFH>@ZLOO
QRW EH GLVFXVVHG LQ WKLV SDSHU EHFDXVH RI LWV ZLGHEDQG
OLPLWDWLRQ>@7KHFRXSOLQJEHWZHHQWZR$6,5VFDQEH
UHSUHVHQWHGE\D-LQYHUWHUVXVFHSWDQFH-ZKHUHVXEVFULSW
DQGGHQRWHVWKHILUVWDQGVHFRQGSDVVEDQG$ODUJHUYDOXH
RI-PHDQVDVWURQJHUFRXSOLQJVWUHQJWKEHWZHHQWZR$6,5V
7KH H[WHUQDO TXDOLW\ IDFWRU 4H[ DQG WKH QRUPDOL]HG -
LQYHUWHUVXVFHSWDQFHFDQEHUHODWHGE\>@DV
 
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
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ZKHUHIFUHSUHVHQWWKHFHQWUDOIUHTXHQF\

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
G%EDQGZLGWKVDQGWKHIUHTXHQF\EDQGZLGWKRISKDVHFXUYH
 ZLWK UHVSHFW WR IF UHVSHFWLYHO\)URP
DQG FDQEHFDOFXODWHGE\VXEVWLWXWLQJWKHH[WUDFWHG
4H[LQWRHTXDWLRQ
7KH WZR WUDQVPLVVLRQ OLQHV DUH UHSUHVHQWHG DV WZR
KDOIZDYHOHQJWKPLFURVWULSOLQHUHVRQDWRUV ,Q WKH ILOWHU WKH
WRWDO OHQJWK / RI WKH UHVRQDWRU LV HTXDO WR
//// PP 6R WKH JXLGHG ZDYHOHQJWK RI WKH
J PP 6LQFH :K 
WKHQWKHHIIHFWLYHGLHOHFWULFFRQVWDQWFDQEHFDOFXODWHGDV

 

7KHQWKHUHVRQDQWIUHTXHQF\FDQEHFDOFXODWHGDVIROORZV
I*+]  *+]

)LJ  SORWV I DQG H[WHUQDO TXDOLW\ IDFWRU 4H[
YHUVXVDJDLQVW/IRUGLIIHUHQWJDS6YDOXHVLQDQ660&/
$6,5VLQJOHEDQGW\SHILOWHU,Q)LJZKHQ/UDQJHVIURP
PPWRPPWKHIXQGDPHQWDO IUHTXHQF\ IGHFUHDVHV
FRQWLQXRXVO\ ZKLOH 4H[ LQFUHDVHV LQ JHQHUDO IRU D IL[HG 6
YDOXH I LQFUHDVHVZKHQ6 UDQJHVIURPPPWRPP
DQGGRHVQRWFKDQJHPXFKZKHQ6UDQJHVIURPPPWR
 PP DQG 4H[ GHFUHDVHV FRQWLQXRXVO\ ZKHQ 6 UDQJHV
IURPPPWRPPLQJHQHUDO0RUHRYHULWLVQRWHGWKDW
WKHUHDUHWZRQRWFKHVZKHQ6 PPDQGPPZKLFK
PHDQVWKHEDQGZLGWKLVPD[LPXPZKHQ/ PPZLWKLQ
WKHUDQJHRI/IURPPPWRPP

)LJ([WHUQDOTXDOLW\IDFWRU4H[ZLWK/

%\ FRPSUHKHQVLYHO\ FRQVLGHULQJ WKH EDQGZLGWK
UHVRQDQW IUHTXHQF\ ORFDWLRQ DQG RXWRIEDQG VSXULRXV
IUHTXHQF\ VXSSUHVVLRQ SHUIRUPDQFH 6 LV VHW WR  PP
ZKLFKLVVKRZQDVSRLQW&LQ)LJ
)LJSORWVWKHYDULDWLRQRIFRXSOLQJEDQGZLGWKDVD
IXQFWLRQRI WKHJDSVL]H 6EHWZHHQ WKHWZRUHVRQDWRUV ,W
FDQEHQRWLFHGWKDWLQFUHDVLQJWKHJDSEHWZHHQWKHUHVRQDWRUV
UHGXFHVWKHFRXSOLQJEDQGZLGWKRIWKHGHVLJQHGILOHUDQGYLFH
FRHIILFLHQWVDQGH[WHUQDOTXDOLW\IDFWRUIRUWKHSURSRVHGILOWHU
RQHPD\GHWHUPLQHWKHSURSHUVSHFLILFDWLRQVEDVHGRQ)LJV
  DQG 7DEOH  7KH SURSRVHG ILOWHUV IDEULFDWHG RQ DQ
52 VXEVWUDWH ZLWK D UHODWLYH GLHOHFWULF RI  DQG
GLHOHFWULF ORVV WDQJHQWKDYHEHHQ PHDVXUHG XVLQJ DQ
+3 YHFWRU QHWZRUN DQDO\VHU $ ZLGHEDQG IUHTXHQF\
UHVSRQVH IRU WKH SURSRVHG $6,5V LV VKRZQ LQ )LJ  7KH
VLPXODWHG 6SDUDPHWHUV PHDVXUHG 6SDUDPHWHUV DQG ]RRP
LQEDQG SHUIRUPDQFH RI WKH GHVLJQHG VLQJOHZLGHEDQG
660&/$6,5VDUHSORWWHGLQ)LJ

)LJ&RXSOLQJ%DQGZLGWK.ZLWKWKHJDSVL]H6
)LJ8S WR*+] IUHTXHQF\UHVSRQVH IRU WKHSURSRVHG
$6,5V

)LJ  6LPXODWHG PHDVXUHG UHVXOWV DQG ]RRP LQEDQG
SHUIRUPDQFHRIVLQJOHZLGHEDQGW\SH660&/$6,5V

*RRG DJUHHPHQW FDQ EH REVHUYHG EHWZHHQ WKH
VLPXODWHGDQGPHDVXUHGUHVXOWVDQGWKHVOLJKWGLVFUHSDQFLHV
DUHDWWULEXWHGWRORVVDQGIDEULFDWLRQHUURUV,WFDQEHVHHQWKDW
WKHVLQJOHZLGHEDQGILOWHULVUHDOL]HGZLWKYHU\ORZLQVHUWLRQ
LVRODWLRQRIRQO\G%DWFHQWUDOIUHTXHQF\DQGUHWXUQORVV
RIEHWWHUWKDQG%
7KH SDVV EDQG UDQJHV IURP  *+] ZLWK
FHQWUDO IUHTXHQF\  *+] EDQGZLGWK  0+] DQG


IUDFWLRQDOEDQGZLGWK)%:,WFDQEHDSSOLHGLQWKH
*OREDO3RVLWLRQLQJ6\VWHP*36IUHTXHQF\EDQGFHQWUHGDW
*+]*OREDO6\VWHPIRU0RELOH&RPPXQLFDWLRQ*60
 0+] DQG 8QLYHUVDO 0RELOH 7HOHFRPPXQLFDWLRQ
6\VWHP80760+]HWF
6LQFH WKH DGMXVWDEOH WUDQVPLVVLRQ ]HURV I]   
*+]I] *+]I] *+]DUHFORVHWRWKHVSXULRXV
IUHTXHQFLHVDZLGHVWRSEDQGUDQJLQJIURP*+]LV
UHDOL]HG DV VKRZQ LQ )LJ D 1RUPDOL]HG UHVRQDQW
IUHTXHQFLHVIVMDQGWUDQVPLVVLRQ]HURIUHTXHQFLHVI]NORFDWLRQV
ZLWK WKH WUDGLWLRQDO VWUXFWXUH DUH SORWWHG LQ )LJ D IRU
FRPSDULVRQ)LJELVDSKRWRJUDSKRIWKHVLQJOHZLGHEDQG
W\SH 660&/$6,5 DQG LWV SHUIRUPDQFH FRPSDULVRQ ZLWK
RWKHUVVLQJOHEDQG%3)VLVVKRZQLQ7DEOH
)LJ  D IVM DQG I]N ORFDWLRQV RI WKH WUDGLWLRQDO VWUXFWXUH
E7KHVLQJOHZLGHEDQGW\SH660&/$6,5ILOWHU

7KHSURSRVHGVWUXFWXUHFDQEHH[WHQGHGWRKLJKHURUGHU
PRGHVE\FDVFDGLQJWKHEDVLFEXLOGLQJEORFN LHWKH$6,5
UHVRQDWRU$VDQH[DPSOHDWKUHHSROHEDQGSDVVLVVKRZQLQ
)LJZLWKWZR7=VRQWKHKLJKVLGHJLYLQJLPSURYHGRXW
RIEDQGSHUIRUPDQFH+LJKHURUGHUILOWHUVDUHREWDLQDEOHE\
FDVFDGLQJPRUHEXLOGLQJEORFNV

 7KH4XLQW:LGHEDQG$6,5)LOWHU'HVLJQ

$VVWDWHGDERYH WUDQVPLVVLRQ]HURVFDQEHFUHDWHGDQG
XWLOL]HG WR JLYH D PXOWLEDQG IUHTXHQF\ UHVSRQVH 7KH
YDULDWLRQRI6DQG6IRUGLIIHUHQWYDOXHVRI/LVVKRZQLQ
)LJ  $V VKRZQ LQ WKH ILJXUH EHFDXVH RI WKH PXOWLSDWK
FRXSOLQJURXWLQJDQG WUDQVPLVVLRQ]HURVWXQLQJPHWKRGVL[
WUDQVPLVVLRQ ]HURV 7=7= DUH JHQHUDWHG SRVLWLRQHG
EHWZHHQGLIIHUHQWSDVVEDQGV WRZLGHQ WKHSDVVEDQGZLGWKV
DQG LPSURYH WKH IUHTXHQF\ VHOHFWLYLW\ 0RUHRYHU WKH ILIWK
RSHUDWLQJ EDQG RI PRUH WKDQ  *+] G% EDQGZLGWK LV
JHQHUDWHGZKLFKLVGHVFULEHGDVIVLQWKHILJXUH
D
E
)LJD7KUHHSROHVWUXFWXUHRIWKHSURSRVHGILOWHUE6
SDUDPHWHUSHUIRUPDQFHIRUDWKUHHSROHVWUXFWXUH
)LJ9DULDWLRQRI6DQG6YHUVXVGLIIHUHQWYDOXHVRI/

)LJ  SORWV WKH HIIHFW RI / RQ D TXLQWZLGHEDQG W\SH
660&/$6,5,QDZKHQ/YDULHVIURPWRPP
IGHFUHDVHVZKLOH4H[QRUPDOL]HGIVDQG4H[4H[IOXFWXDWH
,Q E QRUPDOL]HG IV IV DQG IV LQFUHDVH VOLJKWO\ DQG
4H[4H[ IOXFWXDWHV VOLJKWO\ ,Q FRQWUDVW 4H[4H[ DQG
4H[4H[GHFUHDVHGUDPDWLFDOO\IURPWRDQGIURP
WRUHVSHFWLYHO\0RUHRYHUWKHQRWFKRIHDFK4H[L4H[L
 FXUYHKDSSHQVQHDU/ PPZKLFKPHDQV
7DEOH3HUIRUPDQFHFRPSDULVRQZLWKSURSRVHG6LQJOH%DQG%3)
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WKDW UHODWLYHO\ VHFRQG WKLUG IRXUWKDQG ILIWKEDQGZLGWKVRI
WKH SURSRVHGTXLQWEDQG ILOWHU FDQ REWDLQHG ZLWK / a 
PP
7KH GHVLJQ SURFHGXUHV IRU VLQJOH DQG TXLQW
ZLGHEDQG W\SH 660&/$6,5 %3)V FDQ EH VXPPDUL]HG DV
IROORZV
WKHIXQGDPHQWDOIUHTXHQF\IDQGFKRRVHWKHFKDUDFWHULVWLF
LPSHGDQFHUDWLR.LQWKH$6,5WRUHDOL]HLPSURYHGLQVHUWLRQ
ORVVDQGUHWXUQORVVSHUIRUPDQFH
$QDO\VH WKH WUDQVPLVVLRQ]HURJHQHUDWLQJUHTXLUHPHQWRI
WKH PHDQGHU FRXSOHG VHFWLRQ DGGHG WR WKH 66$6,5
VWUXFWXUH DQGFDOFXODWH WKH DSSUR[LPDWH WUDQVPLVVLRQ ]HUR
HTXDWLRQV6 
$FFRUGLQJWRWKHFDOFXODWHGUHVXOWVWXQHWKHOHQJWKRIWKH
PHDQGHU FRXSOHG VHFWLRQ WR PHHW 6    DQG PDNH I]Q
DSSURDFK WKH UHVRQDQW IUHTXHQF\ IVP WR IRUP D ZLGH VWRS
EDQG IRU WKH VLQJOHZLGHEDQG W\SH $6,5 ILOWHU 7KH JDS
SDUDPHWHU6 DQG6 DUHDOVRXWLOL]HGDQG WXQHG WR UHDOL]H
RSWLPL]HGUHVXOWV
7XQHWKHOHQJWKRIWKHPHDQGHUFRXSOHGVHFWLRQWRPRYH
I]Q DZD\ IURP IVP WR HQDEOH D PXOWLEDQG UHVSRQVH ZLWK
JRRG LVRODWLRQ EHWZHHQ RSHUDWLQJ EDQGV IRU WKH PXOWL
ZLGHEDQGW\SH$6,5ILOWHU
 %HFDXVHRI WKH QRQZLGHEDQG OLPLWDWLRQ RI WKH FRXSOLQJ
PDWUL[FRXSOLQJFRHIILFLHQWVDUHQRWLPSRUWDQWLQWKLVGHVLJQ
ZKLOH H[WHUQDO TXDOLW\ IDFWRU 4H[ FDQ EH GLVFXVVHG IRU
SHUIRUPDQFHRSWLPL]DWLRQDVPHQWLRQHGDERYH
D
 E
)LJ7KHHIIHFWRI/RQTXLQWZLGHEDQGW\SH660&/$6,5
DI4H[IVIDQG4H[4H[YHUVXVDJDLQVW/EIVLIDQG
4H[L4H[L YHUVXVDJDLQVW/
6LPXODWHG PHDVXUHG UHVXOWV DQG IDEULFDWHGSKRWRJUDSK
RIWKHTXLQWZLGHEDQGW\SH660&/$6,5ILOWHUDUHSORWWHGLQ
)LJ  *RRG DJUHHPHQW FDQ EH REVHUYHG EHWZHHQ WKH
VLPXODWHG DQG PHDVXUHG UHVXOWV ZLWK GLVFUHSDQFLHV
DWWULEXWDEOHWRORVVHVDQGIDEULFDWLRQHUURUV
)LJ6LPXODWHGDQGPHDVXUHGUHVXOWVDQGSKRWRJUDSKRI
DPRGLILHGTXLQWZLGHEDQGW\SH660&/$6,5

,W FDQ EH VHHQ WKDW TXLQW ZLGH EDQGV DUH UHDOL]HG ZLWK
JRRG LQEDQG UHWXUQ ORVV SHUIRUPDQFH 7KH ILUVW SDVV EDQG
UDQJHVIURPWR*+]ZLWKDFHQWUDOIUHTXHQF\&)RI
 *+] DQG EDQGZLGWK %: RI  0+] 7KH VHFRQG
SDVVEDQGUDQJHVIURPWR*+]ZLWK&)*+]
%:0+]7KHWKLUGSDVVEDQGUDQJHVIURPWR
*+]ZLWK&)*+]DQG%:0+]7KHIRXUWKSDVV
EDQGUDQJHVIURPWR*+]ZLWK&)*+]DQG
%:0+]7KHILIWKSDVVEDQGUDQJHVIURPWR
*+] ZLWK &)  *+] DQG D ODUJH %: RI  *+] ,Q
DGGLWLRQWKHUHDUHILYHWUDQVPLVVLRQ]HURVDW*+]
*+]  *+]  *+] DQG  *+] ZKLFK IXUWKHU
HQKDQFHWKHIUHTXHQF\VHOHFWLYLW\LOOXVWUDWHGLQ)LJ7KH
TXLQWZLGHEDQGW\SH660&/$6,5SHUIRUPDQFHFRPSDULVRQ
ZLWKDOWHUQDWLYHTXLQWEDQG%3)VLVVKRZQLQ7DEOH

 7UL:LGHEDQG%DQG3DVV66$6,5)LOWHU'HVLJQ
8VLQJ$V\PPHWULF3DUDOOHO8QFRXSOHG/LQHV

$Q XQFRXSOHG VHFWLRQ SODFHG ZLWKLQ FRQYHQWLRQDO
FRXSOHG OLQHV LV D XVHIXO ZD\ WRDFKLHYH H[WUD WUDQVPLVVLRQ
]HURV FORVH WR H[LVWLQJ ]HURV FUHDWHG E\ WKH FRQYHQWLRQDO
FRXSOHG OLQHV 7KLV ZD\ DSSURDFK FDQ DOVR SHUPLW
RSWLPL]DWLRQ RI WKH LQEDQG SHUIRUPDQFH RI WKH RULJLQDO
VWUXFWXUH $V LQGLFDWHG LQ >@ WKH UHVRQDWRU XQLW FDQ EH
IXUWKHUPRYHGKRUL]RQWDOO\WRWKHOHIWRUULJKWVRDVWRSURYLGH
H[WUDFRXSOLQJEHWZHHQWKHFRXSOLQJUHVRQDWRUV,QWKLVSDSHU
WKH$6,5FRXSOLQJVWUXFWXUHLQWKHYHUWLFDOGLUHFWLRQLVIXUWKHU
PRGLILHGDQGDQDV\PPHWULFSDUDOOHOXQFRXSOLQJPLFURVWULS
OLQHVWUXFWXUH$380/LVSURSRVHG$VVKRZQLQ)LJD
WKHWZR$6,5XQLWLPSHGDQFHOLQHKDVDQH[WUDFRXSOLQJZLWK
WKHORZFKDUDFWHULVWLFLPSHGDQFHOLQHDQGWKLVFRXSOLQJOHQJWK
LV6W
0RUHRYHU WKHUH LV D VHSDUDWLRQ GLVWDQFH EHWZHHQ WZR
YHUWLFDOV\PPHWU\D[HVRIWZRSDUDOOHOXQFRXSOLQJPLFURVWULS
OLQHV DQG WKLV GLVWDQFH LV FRQWUROOHG DQG LQIOXHQFHG E\ WKH
$380/ UHODWLYH GLVWDQFH SDUDPHWHUV /G /G HQG DQG
SDUDPHWHU6W KHLJKWDQGLQQHUJDSDUH/PDQG
:P UHVSHFWLYHO\ 7KH UHODWLYH HYHQPRGH RU RGGPRGH
HTXLYDOHQWFLUFXLWRIWKHSURSRVHGVWUXFWXUHLVVKRZQLQ)LJ
E=HRU=R=HRU=RDQG=HRU=RDUHUHVSHFWLYHO\WKH
PRGHRURGG


PRGH LPSHGDQFH = DQG = RU = DQG = DUH XQFRXSOHG
VHFWLRQVLQWZRFRXSOHG$6,5VUHVSHFWLYHO\
&RPSDUHGWRWUDGLWLRQDOVNHZFRXSOHG$6,5ILOWHUV
DZLGHUVHFRQGSDVVEDQGLVDFKLHYHGDQGWKHDGGLWLRQDOWKLUG
RSHUDWLQJ EDQG LV JHQHUDWHG E\ DGRSWLQJ WKH QRYHO
DV\PPHWULFSDUDOOHOXQFRXSOHGPLFURVWULSOLQHV,WLVREVHUYHG
WKDWWKLVJUHDWO\LPSURYHVWKHFRXSOLQJVWUHQJWKEHWZHHQWKH
WZR$6,5V


D

E
)LJ7KHVFKHPDWLFGLDJUDPRIWKH66$6,5$6,5FRXSOHG
SDLUZLWKDV\PPHWULFSDUDOOHOXQFRXSOHGPHDQGHUVHFWLRQVD
7KH VFKHPDWLF GLDJUDP E (YHQPRGH RU RGGPRGH
HTXLYDOHQWFLUFXLW

)LJLOOXVWUDWHVWKHLQIOXHQFHRI:PDQG/PRQWKHUHVSRQVH
RIWKH$380/$6,5WULEDQGILOWHUZLWKGLIIHUHQWYDOXHVRI
6W ,Q D ZKHQ :P YDULHV IURP  PP WR  PP I
GHFUHDVHVVOLJKWO\DQGIVILQFUHDVHVVOLJKWO\EXWQHLWKHUDUH
JUHDWO\LQIOXHQFHGE\YDU\LQJ6W0HDQZKLOHIVIGRHVQRW
FKDQJHPXFKEXWGRHVOHVVZKHQ6WLQFUHDVHV,QEZKHQ
:P YDULHV IURP  PP WR  PP I]I GHFUHDVHV
VOLJKWO\ZKLOHI]IKDUGO\FKDQJHVEXWZKHQ6WEHFRPHV
JUHDWHUIRUDIL[HG:PI]IEHFRPHVOHVV
7KLVPHDQVWUDQVPLVVLRQ]HURVFDQEHFRQWUROOHGE\
:PDQG6W,QFZKHQ/PYDULHVIURPPPWRPP
IVIGHFUHDVHV VOLJKWO\:KHQ6WYDULHVIURPPP WR
PPIDQGIVIGRQRWYDU\EXWIVIGHFUHDVHV,QGZKHQ
/P YDULHV IURP  PP WR  PP 4H[ LQFUHDVHV DQG
4H[4H[ GHFUHDVHV VR WKDW WKH IXQGDPHQWDO EDQGZLGWK
EHFRPHVQDUURZHU:KHQ6WEHFRPHVJUHDWHU4H[GRHVQRW
FKDQJHDQG4H[4H[GHFUHDVHV&RPSDUHGWRIIVI]DQG
I]WKHYDULDWLRQRI6WKDVJUHDWHULQIOXHQFHRQWKHVHFRQGSDVV
EDQGFHQWUDO IUHTXHQF\ IV WKH VHFRQG WUDQVPLVVLRQ ]HUR I]
DQGWKHWKLUGSDVVEDQGZLGWK

D E
F G
)LJ7KHLQIOXHQFHRI:PDQG/PRQWKHUHVSRQVHRI WKH
$380/$6,57ULEDQG ILOWHU IRUYDULDWLRQRI6W D IDQG
QRUPDOL]HG IVL :P YDULHV E 1RUPDOL]HG I]L F I DQG
QRUPDOL]HGIVL/PYDULHVG4H[DQGQRUPDOL]HG4H[L:KHQ
RQHSDUDPHWHUYDULHVWKHRWKHUVUHPDLQXQFKDQJHG

)LJ  VKRZV WKH HIIHFW RI SORWV WKH UHIHUHQFH
ORFDWLRQ SDUDPHWHU /G RQ WKH IUHTXHQF\ UHVSRQVH RI WKH
SURSRVHGWULEDQGILOWHU,WLVQRWHGWKDWZKHQ/GFKDQJHVIURP
PPWRPPZKHQ/G LVIL[HGDWPPWKHVHFRQG
SDVVEDQGUHWXUQORVVSHUIRUPDQFHLVHQKDQFHGJUHDWO\DQGLWV
EDQGZLGWK EHFRPHV ZLGHU SURYLGLQJ D ZLGH VHFRQG SDVV
EDQGRIPRUHWKDQ*+]$WWKHVDPH WLPHD WKLUGSDVV
EDQGLVIRUPHGDQGLWVUHWXUQORVVDVZHOODVLWVLQVHUWLRQORVV
SHUIRUPDQFHLVLPSURYHGFRQVLGHUDEO\E\YDU\LQJ/G6LPLODU
SKHQRPHQRQFDQEHREVHUYHGZKHQYDU\LQJ/GZLWKIL[HG/G
7KHUHIRUH/GDQG/GDUHWZRLPSRUWDQWIDFWRUVWRWXQHDQG
LQIOXHQFHWKHFRXSOLQJVWUHQJWKEHWZHHQWZRPRGLILHG$6,5V
DQGH[WHUQDOTXDOLW\IDFWRUV
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7KHDQDO\VLVRIWKHDV\PPHWULFSDUDOOHOXQFRXSOHGPLFURVWULS
OLQHXQLW$380/IXUWKHUKHOSVWRH[SODLQWKHIRUPDWLRQRI
WKH VHFRQG DQG WKLUG SDVV EDQG 7KH $380/ WRSRORJLFDO
VWUXFWXUH DQG IUHTXHQF\ UHVSRQVH DUH SORWWHG LQ )LJ  DV
VHHQ LQ WKH ILJXUH WKH $380/ XQLW IRUPV WZR ZLGH SDVV
EDQGVEHWZHHQ*+]DQG*+]ZKHQ/GFKDQJHVIURP
PPWRPP
7KLV UHVXOW SURYHV WKH DGYDQWDJH RI WKH $380/
VWUXFWXUH WRRSWLPL]HWKHLQEDQGILOWHUSHUIRUPDQFH$V IRU
RXW RI EDQG SHUIRUPDQFH WKH $380/ XQLW JHQHUDWHV IRXU
WUDQVPLVVLRQ]HURVDWERWKVLGHVRIWKHSDVVEDQGVDVSORWWHG
LQ )LJ  7KHVH IRXU WUDQVPLVVLRQ ]HURV FDQ LPSURYH WKH
LVRODWLRQSHUIRUPDQFHEHWZHHQWKHWKUHHSDVVEDQGVDQGWKH
RXWRIEDQGVXSSUHVVLRQSHUIRUPDQFH

)LJ7KHLPSDFWRI/GLPSDFWRQWKHIUHTXHQF\UHVSRQVH
RIWKH66$6,5ILOWHUZLWK$380/V

)LJ7KHDQDO\VLVRIWKH$380/VWUXFWXUH
7KH VLPXODWHG 6SDUDPHWHUV PHDVXUHG 6
SDUDPHWHUV DQG IDEULFDWHG SKRWRJUDSK RI WKH WULZLGHEDQG
$6,5ILOWHUDUHVKRZQLQ)LJ*RRGDJUHHPHQWLVREVHUYHG
EHWZHHQ WKH VLPXODWHG DQG PHDVXUHG UHVXOWV DQG WKH VOLJKW
GLVFUHSDQFLHVDUHDWWULEXWHGWRWKHORVVDQGIDEULFDWLRQHUURUV
,WFDQEHVHHQWKDWWULSOHZLGHEDQGVDUHUHDOL]HGZLWKJRRG
LQEDQGUHWXUQORVVSHUIRUPDQFH7KHILUVW SDVVEDQGUDQJHV
IURP *+] ZLWK D FHQWUDO IUHTXHQF\ &) RI
*+]EDQGZLGWK%:0+]DQGIUDFWLRQDOEDQGZLGWK
)%:  ,W FDQ EH DSSOLHG LQ WKH *OREDO 3RVLWLRQLQJ
6\VWHP*36IUHTXHQF\EDQGFHQWUHGDW*+]*OREDO
6\VWHP IRU 0RELOH &RPPXQLFDWLRQ *60 0+] DQG
8QLYHUVDO 0RELOH 7HOHFRPPXQLFDWLRQ 6\VWHP 8076
 0+] HWF 7KH WULSOHZLGHEDQG W\SH $380/
$6,5ILOWHUSHUIRUPDQFHFRPSDULVRQZLWKDOWHUQDWLYHWULEDQG
%3)VLVVKRZQLQ7DEOH
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D


)LJ  6LPXODWHG PHDVXUHG UHVXOWV DQG IDEULFDWHG
SKRWRJUDSKRI LQ 66$6,5V ZLWK $380/V D1DUURZEDQG
YLHZRIWKHILUVWSDVVEDQGE1DUURZEDQGYLHZRIWKHVHFRQG
SDVVEDQGF1DUURZEDQGYLHZRIWKHWKLUGSDVVEDQG

7DEOH3HUIRUPDQFHFRPSDULVRQZLWKSURSRVHG7UL%DQG$6,5%3)
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